Powder X-ray diffraction Powder X-ray diffraction (XRD) patterns were recorded on a Huber G670 imaging plate Guinier camera using a curved germanium (111) monochromator and Cu Kα1 radiation (λ = 1.54056Å). Lattice parameters were refined by least-squares fitting with LaB6 internal standard using the WinCSD program package.
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Metallography (i) Optical microscopy: The investigation of the microstructure of a cross-section of MnSiPt at elevated temperatures was carried out using a heating stage (Linkam). The thin sample cross-section was placed on a sapphire plate enabling homogeneous heating. The gastight sample chamber was flushed with purified argon.
(ii) Sample preparation for electron diffraction:
The slices through twinned sample regions were prepared by a focused ion beam (FIB) lift-out technique and the structural relationship of coexisting domains was studied by electron diffraction. After selecting the region of interest (2µm×2µm×20µm), a platinum layer was first deposited on the surface using a Ga + beam (30 kV, 0.10 nA) to protect that area during further FIB milling. Cross-sections of about 1.5µm thickness were prepared by the double trench FIB method (Ga + beam: 30 kV, 3-0.5 nA), cut out and then transferred to TEM copper holders (Omniprobe Co.). The crosssections were further thinned down to about 60 nm thickness, with Ga + beam (30 kV, 0.01-0.5 nA). Conventional transmission electron microscopy and selected area electron diffraction were performed on a FEI TECNAI 10 (100 kV) microscope, equipped with a 2k CCD camera (TemCam-F224HD from TVIPS). (iii) Microprobe amalysis: Phase compositions were evaluated with standardless energy dispersive X-ray spectroscopy (EDXS) and wavelength dispersive X-ray spectroscopy (WDXS) carried out on an electron microprobe (Cameca SX100). The elemental mass fractions were calculated using the Φ(ρz) model [1] and MnSi and PtSi as references. The intensities of the X-ray lines Pt Lα, Si Kα were collected with a beam current of 20 nA and the Mn Kα was measured with 4 nA.
Neutron powder diffraction
Powder neutron diffraction studies on MnSiPt were performed in constant wavelength mode (λ = 1.548Å) on the highresolution powder diffractometer SPODI at the research reactor FRM-II (Garching, Germany). Data were collected in a range of about 450K to 1350K in a tantalum sample container.
Thermal analysis:
Differential thermal analysis (DTA) was performed with a STA 449C NETZSCH on a bulk specimen (150 mg) in an open Al2O3 crucible under dynamic argon atmosphere in the temperature range of 25
• C to 1300
Electronic structure calculations: (i) FPLO-CPA: To simulate the Mn paramagnetic state, the coherent potential approximation (CPA) was applied as implemented in the FPLO code [2] . To simulate a state with vanishing (macroscopic) total moment, the Mn site was occupied randomly with an equal number of spin up and spin down Mn atoms. The resulting local Mn moment was essentially identical with the ordered FM and AFM states.
(ii) Electron localizability indicator: General introduction into methods used: The electron localizability indicator (ELI-D) [3] reveals the atomic shell structure in position and momentum space. For free atoms local maxima (attractors) of the ELI-D are found for atomic shells. For atoms in chemical environments the outermost shell, that is, the valence shell region, displays ELI-D attractors that provide signatures for chemical bonding scenarios. Typically, from the location of such attractors covalent bonds and lone pairs can be distinguished. Further analysis effectuates the construction of ELI-D basins (analogous to the QTAIM procedure) to define the associated intra-atomic shell, and interatomic bonding and lone pair regions. Since the ferromagnetic spin arrangement has the lowest calculated total energy, it is used for the subsequent spin polarized calculation of the ELI and the respective analysis of the chemical bonding. Taking the ferromagnetic polarization as best approximation for the real magnetic structure is also motivated by preliminary neutron data at low temperatures, which yield an incommensurate ordering wave vector with a small canting angle between neighboring Mn spins, thus a local environment much closer to a ferromagnetic than to an antiferromagnetic state. More importantly, as mentioned above, the differences between the various calculated spin arrangements are marginal compared to the deviations from the non-magnetic results. Table 1 Phase analysis of the MnSiPt homogeneity region. Since this structural pattern is known to tolerate deviations from the 1:1:1 composition, we investigated the homogeneity region of MnSiPt on six samples (Mn1±xSiPt11±x, MnSi11±xPt1±x, Mn1±xSi1±xPt; x=0.1) with compositions close to the stoichiometric one. The comparison of the unit cell dimensions and the composition (by WDS) show that MnSiPt possesses only a narrow homogeneity region x. Higher cooling rates were realized for the samples with the composition MnSiPt, Mn0.9SiPt1.1 and Mn0.95SiPt by the splat-cooling (SC) method. In a glove box filled with a protective atmosphere of purified argon the specimens were heated in open crucibles until the melt and spilled on a steel plate. Table 2 Crystallographic data for MnSiPt from singlecrystal XRD. Table 3 Interatomic distances in MnSiPt according to the structure given in Table 2 . . Table 5 Interatomic distances in MnSiPt according to the (unstable) structure given in Table 4 . Table 6 Crystallographic data for MnSiPt from spinpolarized DFT calculation (LDA). (1H = 27.21 eV). Table 7 Interatomic distances in MnSiPt according to the (stable) structure given in Table 5 . Mn sites (blue and red) indicate opposite spin orientations. Also the simple ferromagnetic structure was calculated. For all the ordered structures, the calculated densities of states are essentially the same, the Mn magnetic moments are almost identical. The differences in total energy for the specific magnetic patterns, arising from the inter-atomic exchange, are very small (about 10%) compared to the on-site polarization energy. The picture of on site polarization dominating the spin-polarized electronic structure is confirmed by CPA calculations. They result in a density of states which is essentially identical with the averaged AFM calculations and basically the same total energy. applying a different density functional (GGA). The figure demonstrates the robustness of our results against the choice of different functionals (cf. Fig. 3 main text) . Whereas for a non-magnetic calculation (open symbols) the ZrBeSi-type is more favorable in energy, spin-polarized calculations (filled symbols) favor the TiNiSi-type. The experimentally observed volume is shown by a dashed line.
